InTRoduCTIon
The Oxford University Hospitals NHS Trust Microbiology Department has implemented the use of polymerase chain reaction (PCR) [BD MAX Enteric Bacterial Panel (EBP) PCR] for testing stool samples for enteric pathogens. This is a real-time PCR that detects Salmonella spp. by amplification of the SpaO gene. In addition to PCR testing, all stool samples are also cultured for salmonella after enrichment in selenite broth, as PCR is known to be less sensitive for the detection of this organism [1] [2] [3] . A manufacturer-sponsored multi-site investigation assessing the performance characteristics of the BD MAX EBP (using 3457 specimens; 2112 Cary-Blair-preserved and 1345 unpreserved) assessed the sensitivity of PCR for the detection of salmonella. The PCR was 85 and 91.7% sensitive for the detection of Salmonella spp. in the Cary-Blair-preserved and unpreserved specimen types, respectively [1] . The NICE medtech innovation briefing (2015) (mib 32) concluded that the BD MAX EBP has a higher sensitivity than culture-based methods for the detection of bacterial pathogens in gastroenteritis [4] . However, it has not commented on the reduced sensitivity for the detection of Salmonella spp. shown in the studies on which their conclusions are based [1, 2] .
We wished to evaluate the sensitivity and specificity of PCR for the detection of salmonella in consecutive stool samples in a real-world setting, compared to the gold standard of enrichment culture. Our routine service laboratory serves a community of 600 000 people in Oxfordshire, and 1400 inpatients in our hospital. We did this to determine whether PCR could be utilized as the standalone test for the detection of salmonella in stool in our practice, in line with NICE mib32.
METHodS
Ours was a prospective, descriptive study, utilizing data over a 9-month period from 31 May 2016 to 28 February 2017. The PCR and culture results for salmonella for all consecutive stool samples sent to the laboratory within this period were scrutinized on the microbiology laboratory database.
Abstract
Purpose. Polymerase chain reaction (PCR) is increasingly being used to detect enteric pathogens and is currently NICE's recommended practice. We wished to evaluate the performance characteristics of PCR for the detection of salmonella in consecutive stool samples in a real-world setting, compared to the gold standard of enrichment culture.
Methodology. We performed a prospective study over 9 months in which the PCR and culture results for salmonella were scrutinized for all stool samples sent to the laboratory. All stool samples underwent selenite enrichment culture for salmonella with confirmation being obtained using the API 10S and serotyping. Samples also underwent PCR using the BD MAX Enteric Bacterial Panel. The sensitivity and specificity of PCR in detecting salmonella were compared to those of enrichment culture.
Results. Six thousand three hundred and seventy-two stool culture and PCR pairs from 5619 patients were analysed. The prevalence of salmonella was found to be 1.2 %. The sensitivity, specificity, positive predictive value and negative predictive value of PCR versus culture were 89 % (67/75), 99.8 % (6286/6297), 86 % (67/78) and 99.9 % (6286/6294), respectively.
Conclusion. Enrichment culture is significantly more sensitive than PCR using the BD MAX Enteric Bacterial Panel for detecting salmonella in stool. Where PCR testing is used for the detection of enteric pathogens, we recommend that enrichment culture for salmonella be continued in parallel, unless the PCR method is shown to be at least as sensitive as culture.
All samples underwent selenite enrichment culture for salmonella; after overnight incubation in selenite broth, a subculture was made on BD CHROM salmonella agar. Suggestive colonies underwent testing using the API 10S (Biomerieux) and serotyping. Stool samples also underwent PCR using the BD MAX EBP PCR, according to the manufacturer's instructions, unless the specimen had been sent to ensure clearance of a previously diagnosed infection.
RESuLTS
During the 9-month period, 6434 (of which 2375 were from hospital patients) stool specimens underwent selenite enrichment culture for Salmonella spp. Of these, 6372 (of which 2363 were from hospital patients) also underwent PCR testing. Sixty-two stool specimens underwent culture without PCR testing; these were instances where culture had been performed to ensure clearance of a previously identified pathogen.
Six thousand three hundred and seventy-two stool culture and PCR pairs from 5619 patients (1.1 samples per patient) were analysed (Table 1) .
dISCuSSIon
These results represent the largest prospective single-centre dataset from a routine diagnostic laboratory in the current literature. The prevalence of salmonella in our population is low, in line with other studies [1] , but given its clinical and public health importance, diagnostic methods that maximize sensitivity are important. The PCR result is available within 6 h, compared to 18 to 36 h for culture [1] . Obtaining a rapid result by PCR for salmonella in stool is useful in clinically unstable or vulnerable patients, but the lower sensitivity of the BD MAX EBP means that additional testing by enrichment culture still needs to be performed, despite the longer time to result. Why PCR using the BD MAX EBP is less sensitive than enrichment culture for the detection of salmonella is not fully understood [1] , but the reduced sensitivity of PCR has been noted in previous studies, where four other PCR platforms were found to be inferior to culture [3, 5] . False-negative PCR results may occur due to the loss of nucleic acid from inadequate collection, transport or storage of specimens, inadequate bacterial cell lysis, low DNA extraction efficiency or the presence of inhibitors [3] . The use of an overnight enrichment step, similar to that used in culture, may increase the sensitivity of PCR in detecting salmonella from stool [1] . However, the incorporation of such an additional step before PCR would need further evaluation.
Although enrichment culture is regarded as the gold standard for sensitivity, we found that 14 % (11/78) of our PCR-positive results were negative by culture. In the study by Harrington et al. [1] , 26 PCR-positive culture negative samples were examined by alternative PCR and sequencing, and 19 (73 %) were found to contain salmonella sequences, indicating that culture had been falsely negative. Therefore salmonella PCR may identify patients who merit closer clinical evaluation who would be missed by culture alone.
There are clinical benefits to both PCR (speed) and selenite enrichment (sensitivity). In our own large, busy, routine laboratory we have successfully introduced BD MAX EBP and continue to perform selenite enrichment culture for salmonella in parallel. The specificity of the BD CHROM salmonella agar used for subculture after selenite enrichment greatly facilitates workflow, as there are very few colonies requiring further work. Workflows must be devised that address the needs of the population under investigation, balancing the requirements for speed, sensitivity and cost.
Conclusions
Enrichment culture is significantly more sensitive than PCR performed using the BD MAX EBP for the detection of salmonella in stool. However, PCR yields a much faster result, which is useful for the management of critically ill or vulnerable patients. Where PCR testing is used for the detection of enteric pathogens, we recommend that enrichment culture for salmonella be continued in parallel, unless the PCR method chosen is shown to be at least as sensitive. This is to ensure appropriate clinical management of individual patients and to facilitate the public health investigation of outbreaks of suspected salmonellosis.
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